Abstract-Calabazas Creek Research, Inc., in collaboration with Fermilab and Communications & Power Industries, LLC, is developing a phase locked, 100 kW peak, 10 kW average magnetron-based RF system for driving accelerators. Phase locking will be achieved using an approach originated at Fermilab [1] that includes control of both amplitude and phase on a fast time scale.
I. INTRODUCTION
The magnetron is a highly efficient and relatively inexpensive source of RF power. Magnetrons providing 100 kW with efficiencies exceeding 85% are available at 915 MHz and are commonly used in industrial RF heating systems. However, these are free-running oscillators and not suitable for systems requiring control of the frequency and phase, including many accelerator systems. While the amplitude can be adjusted by varying the beam current, this cannot be achieved on a sufficiently fast time scale for systems requiring feedback control. Calabazas Creek Research, Inc., Fermilab and Communications and Power Industries, LLC are developing a phase-locked, 1.3 GHz magnetron-based RF system for accelerator applications.
The peak power and duty cycle will be 100 kW and 10%, respectively. The magnetron will be phase-locked using a system developed by Fermilab. This approach employs phase modulation of the locking signal to produce sidebands that are rejected by a high Q load, such as a superconducting cavity. The power in the sidebands represents a reduction in the power delivered to the cavity and forms the basis for amplitude modulation on a very fast time scale.
A block diagram the system is shown in Fig. 1 . The magnetron is driven through its output via a circulator. The experiment will use a 2-5 kW RF driver to explore a range of 978-1-5090-5916-4/17/$31.00 ©2017 IEEE locking scenarios. For the final system, the goal is to lock the magnetron with less than 1 kW. This can be obtained using a reasonably economical, solid state source.
The program is developing both a suitable magnetron and the requisite electronics. The magnetron design is scaled from a 100 kW CW, 915 MHz device. Since the average power at 1.3 GHz will be only 10 kW, the scaling is relatively low risk. The first version of the magnetron is complete and has been tested successfully. The tube is shown in Fig. 2 .
The tube was tested with short pulses and low duty, and operated stably in the design (pi) mode at full power with the specified input voltage and current of 23 kV and 6 A.
The circulator was procured from Ferrite Microwave Technologies, LLC. Two 3-port circulators were tuned as a single unit to provide the 4-port capability required for the system.
The electronics that control the feedback loop and the phase modulation incorporates a Field Programmable Gate Array for stable operation with a superconducting cavity. This is similar to the system developed by Fermilab [1].
The system has been assembled and is scheduled for high average power testing in 2017. A photograph of the assembly is shown in Fig 3. Results, as available, will be presented at the conference. 
